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REMARKS 

Interview 

Applicants would like to thank Examiner Nora Rooney for the interview held with 
Applicants' representative on July 22, 201 1. During the interview, the enablement and 
written description rejections and proposed amendments to claim 1 were discussed. The 
Examiner stated that the proposed amendments to claim 1 would overcome the rejections 
under 35 U.S.C. § 1 12, first paragraph (enablement and written description) of claim 1. 
However, the Examiner also stated that the proposed amendments to claim 1 would require a 
flirther search and examination for relevant prior art. Accordingly, Applicants are filing a 
Request for Continued Examination with this Amendment and incorporating the proposed 
amendments to claim 1 discussed during the interview into the new claims. 

Status of the Claims 

Claims 1 -1 9 have been canceled without prejudice or disclaimer of the subject matter 
claimed therein. New claims 20-37 replace claims 1-19. Support for new claims 20-37 can 
be found throughout the specification. Representative support is summarized in the table 
below. 



Clalm(s) 


Representative Support 


20 


Paragraph 0029 and Examples 


21,22 


Claim 1 and Paragraph 0016 


23-26 


Paragraph 0017 


27-29 


Paragraphs 00 18 and 0019 


30 


Claim 9 


31 


Claim 10 


32 


Claim 11 


33 


Claim 12 
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34 


Claim 1 3 


35 


Claim 14 


36 


Claim 18 


37 


Claim 19 



New claims 20-37 do not introduce prohibited new matter. 

Applicants submit that new claims 20-35 are directed to the same invention as claims 
1-17, and therefore, are currently under examination. 

New claims 36 and 37 are withdrawn from consideration as being directed to a 
separate invention. Claims 36 and 37 are directed to methods of making and using the 
microspheres of claim 21 . Applicants respectfully point out that MPEP 821.04(b) requires 
that once a product claim is found allowable, withdrawn method claims which depend from 
or otherwise include all the limitations of the allowable product claim be rejoined. Thus, 
once a claim directed to a product (claims 20-35) is found allowable, withdrawn method 
claims (claims 35 and 36) which depend from or otherwise include all the limitations of the 
allowed claim must be rejoined. 

Rejection Under 35 U.S.C. U 12. First Paragraph 

A. Claims 1, 2, 4, and 9-17 are rejected under 35 U.S.C. § 1 12, first paragraph, as 
allegedly being enabling only for PLGA microspheres containing birch pollen extract 
wherein the microspheres have lectins on their surface. 

Without acquiescing to the propriety of the rejection, claims 1 , 2, 4, and 9-17 have 
been canceled and replaced with new claims 20-35 in the interest of advancing prosecution of 
the application. This rejection is not applicable to new claims 20-35 because the 
specification teaches how to make and use the claimed invention recited in the new claims. 

Moreover, during the interview, the E.\aminer stated that she would withdraw this 
rejection with respect to claim 1, if claim 1 were amended to delete the recitation of "antigen 
and/or DNA of antigens" and "binding constant." The proposed amendments have been 
incorporated into new claim 20. Accordingly, the present rejection is not applicable to new 
claims 20-35. 

Applicants submit that the specification teaches how to make and use microspheres 
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comprising Aleuria aurantia lectin (AAL) on their surface and how to make and use such 
microspheres comprising an allergen. The specification describes in detail and provides 
sufficient guidance as to how to make and use such microspheres. As an example, in 
paragraphs 0034-0045, the specification provides adequate guidance for making the 
microspheres containing AAL on their surface and for making such microspheres comprising 
an allergen. For example, in paragraphs 0010-0013, the specification teaches the use of the 
microspheres comprising allergens and AAL on their surface to treat allergies. Moreover, as 
described in detail in Examples 3 and 4, microspheres containing an allergen and AAL on 
their surface selectively target and bind human epithelial cells. Moreover, Example I shows 
that an allergen administered orally to animal using microspheres containing AAL on their 
surface effectively induces an immune response in animals. Further, Example 2 shows that 
the antigenicity of an allergen packed into microspheres containing AAL on their surface is 
not lost after gastric digestion. Therefore, the specification provides adequate guidance for 
making and using microspheres containing AAL on their surface and such microspheres 
comprising an allergen. 

The Office Action alleges that Brayden teaches that human M-cells are unlikely to 
show specific UEA-1 lectin binding. Applicants respectfully point out that Brayden's 
statements are directed to UEA-1 lectin. UEA-1 is a different lectin than AAL. It is known 
that UEA-1 lectin is toxic and cannot be used in humans. Unlike UEA- 1 , AAL is not toxic. 
Moreover, Brayden does not state that microspheres containing AAL on their surface will not 
be effective as a delivery vehicle of allergens. Brayden only states that ". . . it will be 
interesting to see if regulatory authorities will permit human Phase 1 testing of a UEA-1 
mimetic with an antigen loaded particle, even if murine immune data has turned out to be 
positive." Brayden may have expressed doubt as to whether the regulatory authorities will 
permit human Phase 1 testing of a UEA-1 mimetic because UEA-1 is toxic. Brayden's 
statement does not imply that microspheres containing AAL, which is not toxic, cannot be 
used to deliver allergens to subjects. In fact, Brayden confirms that AAL is effective as a 
vehicle for delivering allergens to animals. 

The Office Action also alleges that it is not clear whether UEA-1 can effectively 
target human M-cells based on the teachings of Azizi. As mentioned above, UEA-1 is 
structurally different from AAL. UEA-1 and AAL are also functionally different because 
UEA-1 and AAL bind different subtypes of fucose (see attached abstract from Vector Labs 
catalogue). Moreover, Applicants respectfully point out that like Brayden, Azizi does not 
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state that microspheres containing AAL cannot be used as a vehicle for delivering allergens. 
Azizl only states that the receptors for human M-cells have not been discovered. 

Applicants respectfully submit that the inventors of the present invention have shown 
that microspheres comprising AAL on their surface are effective vehicles for delivering 
allergens to mammals. The inventors have also shown that AAL binds human epithelial 
cells. As an example, microspheres comprising AAL bind human intestinal epithelial cells 
from Caco-2 (see Examples 3 and 4). Caco-2 cells are derived from human colorectal 
carcinoma and have surface properties that arc representative of human intestinal epithelium 
(see paragraph 0023 of specification). Applicants respectfully submit that Azizi pointed out 
that Caco-2 cells have been used for studying "the morphology and expression of M cell 
surface markers and antigen absorption , and to screen oral drug/vaccine delivery systems as it 
closely imitates human cells " (see Azizi page 4, right column). Accordingly, Caco-2 cells are 
a well-known model for studying vaccine delivery. It is acknowledged that Azizi believes 
that this model may be an "over-simplification" of in vivo events, but Caco-2 cells are at 
present being used as a model for human M-cells for drug/vaccine delivery system. 

Moreover, the reference of Roth- Walter (Roth Walter et al. J. Allergy Clin. Immunol., 
2004, 114 (6), 1 362-1368, attached) confirms that microspheres comprising AAL on their 
surface are effective in targeting allergen to M-cells by showing that orally administered 
microspheres comprising birch pollen and AAL on their surface induced an immune response 
in mice. The reference of Roth- Walter also confirms that AAL binds Caco cells (see abstract 
and page 1365, left column). 

Further, at the time of the invention, it was thought that the lectin binding pattern of 
M-cells and Caco-2 cells is the same. Brinck (Brinck el al. Histol. Histopathol. 1995, 10, 61- 
70, attached) reported that they found "no differences between the lectin-binding pattern of 
M-cells and enterocytes in the follicle-associated epithelium." Enterocytes are the intestinal 
epithelial cells. Accordingly, there is no evidence that suggests that microspheres containing 
AAL will not bind epithelial cells and will not act as an effective vehicle for delivering 
allergens. 

Applicants respectfully submit that the present claims are directed to microspheres 
comprising AAL on their surface, which are product or composition claims. It is also pointed 
out that the claim directed to a method of treating an allergy in a subject, at this time, is 
withdrawn from consideration as being directed to a separate invention. 

The specification teaches how to make and use microspheres comprising AAL on 



#4816-8802-1259 



ATTORNEY DOCKET NO: 37488.00800 
Application Serial No.: 10/562,066 
Page 8 

their surface and how to make and use such microspheres comprising allergens. The 
specification describes in detail how to make microspheres comprising AAL on their surface 
(see for example paragraphs 0034-0041) and provides Examples showing the effective oral 
delivery of allergens using microspheres containing AAL on their surface and the induction 
of an immune response in mice. Accordingly, the specification enables the claimed 
invention. 

B. Claims 1, 2, 4, and 9-17 are rejected under 35 U.S.C. § 112, first paragraph, as 
containing subject matter which was not adequately described in the specitlcation. 

Without acquiescing to the propriety of the rejection, claims 1 , 2, 4. and 9-17 have 
been canceled and replaced with new claims 20-35 in the interest of advancing prosecution of 
the application. This rejection is not applicable to new claims 20-35 because the 
specification adequately describes the invention recited in the new claims. 

Applicants respectfully point out that the proposed amendments to claim 1 discussed 
during the interview have been incorporated into new claim 20. The Examiner indicated 
during the interview that the rejection of claim 1 would be withdrawn if claim 1 were 
amended as discussed during the interview. Accordingly, Applicants submits that the present 
rejection is not applicable to new claims 20-35. 

The specification provides adequate written description for new claims 20-35. The 
specification describes microspheres comprising AAL in detail for example at paragraphs 
0024-0029, 0032-45, 0052, and Examples 1-4. The specification also describes the different 
allergens that could be included in the microspheres in paragraphs 0016-0019 and Examples 
1 -4. As discussed above, the Examples show that microspheres comprising AAL bind to 
murine and human epithelial cells. 

Conclusion 

The foregoing amendments and remarks are being made to place the application in 
condition for allowance. Applicants respectfully request entry of the amendments, 
reconsideration, and the timely allowance of the pending claims. A favorable action is 
awaited. Should an interview be helpful to further prosecution of this application, the 
Examiner is invited to telephone the undersigned. 

If there are any additional fees due in connection with the filing of this response, 
please charge the fees to our Deposit Account No. 13-3250. If a fee is required for an 
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extension of time under 37 C.F.R. §1.136 not accounted for above, such an extension is 
requested and the fee should also be charged to our Deposit Account. 



Respectfully submitted, 
MILBANK, TWEED, HADLEY & 
McCLOY, LLP 



Date: October 1 3, 20 11 By: /Sally Tens/ 

Sally P. Teng 
Registration No. 45,397 



Milbank, Tweed, Hadley & McCloy, LLP 

Customer No. 038647 

1 850 K Street, N.W., Suite 1100 

Washington, D.C. 20006 

Tel: 202-835-7548 



Vector Labs: Unconjugated Aleuria Aurantia Lectin (AAL) 



http://www.vectorlabs.com/catalog.aspx?prodID= 1 5^ 



Featuring: 

m VECTASrm ABC systems 
e knmPRESS Peroxidase Reagent 
e Primary Antibodies 
a Secondary Antibodies 
m Antibodies to Tags and Labels 
sd Staining Reagents 



S.BIotln-(Strept)avidin Systems 
m Affinity Binding Matrices 
m Protein labeling Kits 
a Fusion Protein Reagents 
SB Enzyme Substrates 
m Molecular Biology Reagents 
m CE Marked 

Plus quality reagents for: 

SB Immunohistochemistry 



Unconjugated Aleuria Aurantia Lectin (AAL) 



^ Data Sheet 



isolated from Aleuria aurantia mushrooms 

This lectin Is a dimer of two identical subunlts of about 36,000 daltons each with an Isoelectric point of 
about pH 9. Unlike Ulex europaeus and Lotus tetragonolobus lectins which prefer (a -1,2) linked fucose 
residues, Aleuria aurantia lectin binds preferentially to fucose linked (a -1,6) to N-acetylglucosamine or 
to fucose linked (a -1,3) to N-acetyllactosamlne related structures. 
Inhlblting/Elutlng Sugar: 100 mM L-fucose 



m Neuronal Tracing 
m DNA/RNA Labeling 



ii Chemliumlnescence 
B ELISAs 

ffi Flow Cytometry 



Original articles 



M cell targeting with Aleuria aurantia lectin 
as a novel approach for oral allergen 
immunotherapy 



Franziska Roth-Walter, PhD,* Isabella Scholl, PhD,' Eva Untersmayr, MD,' 
Renate Fuchs, PhD," George Boltz-Nitulescu, PhD,' Andrea Weissenbock, PhD," 
Otto Scheiner, PhD," Franz Gabor, PhD," and Erika Jensen-Jarolim, MD' 

Vienna, Austria 



Background: The extent and quality of the immune response to 
orally applied allergens may critically depend on the precise 
site of uptake at the intestinal mucosa. 
Objective: The aim of this study was to construct allergen 
vehiilfs optinii/ed for oral allergen ininiiinolherapy. 
Metliods: By using a murine model, we examined the 
imiiuinoiiioriiilalory elTect of birch pollen proteins entrapped in 
I)()l.v(l),L-lactide-co-glycolide) microspheres, which were 
s|)ecilically targeted to enterocytes or to M cells, in an ongoing 
r„2 response. BALB/c mice express different carbohydrates on 
Ihese 2 cell types. To target the sialylic residues on murine 
enterocytes, we functionalized microspheres with wheat germ 
;i;;f;liitiiiin (WGA) and, to target ot-L-fucose on M cells, with 
:i lectin from Aleuria aurantia (AAL), the orange peel 

Results: Both WGA and AAL functionalization enhanced 
binding to human Caco2 cells substantially, which express 
sialylic and, as carcinoma cells, also a-L-fucose residues. 
Different groups of BALB/c mice were first sensitized to birch 
pollen and subsequently fed with birch pollen-loaded 
functionalized (WGA microspheres, AAL microspheres) or 
nonfnnctionalized, birch pollen extract-loaded particles. When 
mice were fed with AAL microspheres, birch pollen-specific 
Ik<;2ii, but not IgGl or IkK, increased si};niliciinll.\. As 
expected, in a '^H-thymidin assay, their splcnocytes proliferated 
siiecilieally on birch pollen stimulation. Both targeting 
strategies, using WGA or AAL, induced IL-10 as well as IL-4 
production. However, in AAL microsphere-treated mice. 



IFN-7 synthesis was significantly increased, which may be 
responsible for the significant lgG2a production in this group. 
Conclusion: Our data indicate that targeting M cells by using 
AAL-coated allergen vehicles may be a promising strategy for 
oral allergen immunotherapy. (J Allergy Clin Immunol 
2004;114:1362-8.) 

Key words: Aleuria aurantia lectin, M cell, gastrointestinal tract, 
oral immunotherapy, allergy, birch pollen, microspheres, PLGA, 
Salmonella typhimurium 



Many pathogens like Salmonella typhimurium infect 
via tiie intestinal route by adhering to M cells, which have 
a sampling function in the intestine and overlay directly 
Peyer patches of the organized mucosal-associated lym- 
phoid tissues (MALTs). M cells are a differentiated 
epithelial cell subset within the specialized epithelium 
covering the organized lymphoid tissues, termed follicle- 
associated epitlieliiiiii. Although the membranous epithe- 
lial M cells pcrfonii predominantly antigen sampling, they 
are also exploited as a route of host invasion by many 
pathogens.''" Such known pathogens are S typhinmrium^ 
Yersinia enterocoliticaf and reoviruses.'' 

In mice, M cells, but not enterocytes, express a- 
L-fucose residues on their apical surface. Our working 
hypothesis was that it should be possible to exploit this 
route for allergen immunotherapy when targeting the 
allergens to M cells. We chose Aleuria aurantia lectin 
(AAL) from the edible orange cup mushroom that has « 
L-fucose specificity." In addition, tlie crystal structure'^ 
and physical properties are very similar to the neuramidase 
of 5 typhimurium.'' '^ Because Salmonella specifically 
binds to M cells, these species are already used as antigen 
vehicles for several proteins and DNA vaccines.'" 
However, although the applied strains are nonpathogenic, 
mild diarrhea is observed regularly in the patients." 

To avoid the usage of a potentially harmful carrier for 
oral allergen immunotherapy, we decided to construct a 
synthetic vehicle for oral allergen immunotherapy with the 
following properties: (1) adjuvant and caixier function for 
oral transport of allergen, (2) specific targeting properties 
to M cells, and (3) from nontoxic origin. As vehicle for 
allergen immunotherapy, poly(D,L-lactic-co-glycolic 
acid) (PLGA) nanoparticles were already successfully 



1362 



J ALLERGY CLIN IMMUNOL 
VOLUME 114, NUMBERS 



Roth-Walter et al 1363 



BP: 1 



h pollen 



FITC: Fluorescein isolhiocyanate 
MALT: Mucosal^associated lymphoid tissui 
PLGA: Poly(D,L-lactic-co-glycolic acid) 
WGA: Wheat germ agglutinin 



used in the subcutaneous route. " PLGA is a >■ 
copolyester of giycolic and lactic acid with t 
biocompability.'"' Its degradation products are c 
ents of the natural metabolism and, therefore, biocompat- 
ible. For these reasons, PLGA is also used as surgical 
suture. 

Here, we generated PLGA microspheres filled with 
birch pollen extract (BP) and functionalized them with 
either AAL or wheat germ agglutinin (WGA), as control 

lectin that binds to sialylic residues express on normal 
enterocytes.''*'" In a BALB/c mouse model, in which M 
cells express a-L-fucose, we investigated the humoral and 
cellular immune response after oral feedings with allergen 
microspheres. 

METHODS 
Animals 

Female BALB/c mice 6 to 8 weeks old were obtained from the 
Institute for Laboratory Animal Science and Genetics, University of 
Vienna. All experiments were performed according lo European 
Community rules of animal care and with permission (GZ 66.009/ 
2 1 1 -Pr/4/2003) of the Austrian Ministry of Science. 

Preparation of birch pollen-loaded 

microspheres 

Microspheres of the PLGA H-type (Boehringer Ingelheim, 
Ingelheim, Germany) were prepared as described."* Proteins of birch 
pollen (Sigma, St Louis, Mo) were extracted and analyzed by SDS- 
PAGE. ' Briefly, a water-in-oil (0. 1 5: 1 ) emulsion of 1 0 mg/mL birch 
pollen proteins and PLGA was prepared by magnetic stirring and 
spray-dried. The mean diameter and particle size distribution was 
examined by laser diffraction and electron microscopy. To determine 
protein loading, microspheres were dissolved in 50 mmol/L sodium 
hydroxide containing 1% SDS, and a bicinchonic acid protein assay 
was performed. 

Fluorescein-cadaverine labeling of PLGA 

For immunofluorescence microscopy, PLGA was first labeled 
with 5-([5-aminopentyl] thioureidyl) fluorescein dihydrobromide salt 



(fit 



i) before spray -drying under light protection t( 
prevent bleaching."" After activating PLGA in methylenchloride with 
33-mmol/L N-hydroxysuccinimide and 23-mmol/L dicyclohexyl- 
carbodiimide, fluorescein-cadaverine in methylenchloride (2 mg/niL) 
was added and incubated overnight. Excess of unbound fluorescein- 
cadaverine was then extracted with ice-cold 5-mmol/L hydrochloric 
acid, followed by precipitation of fluorescein-cadaverine-labeled 
PLGA with ice-cold methanol. Samples were stored after centrifu- 
gation (325a', 15 minutes, IO°C) and frceze-dried. For microsphere 
preparation by spray-drying, fluorescence-labeled PLGA was mixed 
with unlabeled polymer (wt/wt 1 :9). 



A 



FIG 1. A, Adhesion of bare microspheres (V, AAL micros 
or WGA microspheres (3)to Caco2 intestinal epithelial t 
cells were incubated with the different types of f 
cadaverine-labeled microspheres. Plasma membranes 
ized with rabbit antialkaline phosphatase antibody an( 
conjugated antirabbit IgG. Nuclei were stained with He 
B, AAL microparticies (black bars) and WGA (gray b 
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Covalent coupling of lectins to the 
microspheres 

For covalent coupling of proteins, the surface carboxy lie groups of 
the polymer were activated by carbodiimide/N-hydroxysuccinimide 
at a molar ratio of 0.7:1^' and subsequently incubated with 400 
p,g/mL AAL, WGA (Vector Laboratories, Buriingame, Calif), or 
glycine. Excess coupling sites were blocked by adding 10% glycine 
for 15 minutes. 

Tissue cultures and binding studies 

Colon carcinoma cells express constitutively a-L-fucose'' and 
sialic acid,'" Therefore, the Caco2 cell line (American Type Culture 
Collection, Rockville, Md) was chosen for binding studies, and cells 
were grown in RPMl 1640 cell culture medium containing 1 0% FCS, 
4 mmol/L L-glutamine, and 150 p,g/mL gentamycine. 

Cells were seeded on tissue culture-treated 96-well microplates at 
a density of 1 X lO' cells/well. Confluent Caco2 monolayers were 
washed with ice-cold PBS, pH 7.4, and incubated with 100 y.L of a 10 
mg/mL suspension of fluorescein-labclcd microparticies with or 
without lectin at 4''C. After rigorous washing to remove nonadherent 
particles, cells were lysed with 0.1 mol/L sodium hydroxide 
containing 1% SDS. Cell-associated microspheres were determined 
fluorometrically (n = 3) at 485/535 nm. 

For immunofluorescence studies, cells were grown overnight on 
coverslips (Nalge Nunc, Naperville, lU). After binding of fluores- 
cein-labeled microparticies and washing, cells were fixed with 4% 
paraformaldehyde and blocked with 1% BSA/PBS, and the mem- 
brane was visualized on incubation of rabbit antialkaline phos- 
phatase followed by Alexa 568-labeled antirabbit. Nuclei were 
stained with Hoechst Dye/PBS, and cells embedded in mounting 
Medium. 
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FIG 2. Birch pollen-sensitized mice (n = 8 per group) were treated orally with BP-loaded microparticles 
functionalized with AAL (black columns) or WGA. fera)/ co/omns; or without functionalization (white columns). 
Sera before and after treatment were analyzed for BP-specific IgGI titer, IgE, and IgA titers {(j,g/mL serum) in 
ELISA. *P< .05. 



Oral immunization of BALB/c mice 

Mice were sensitized inlraperitoneally with 10 pig birch pollen 
proteins in context with AKOH), in saline on day 0 and 23. A.s a 
therapeutic approach, oral feeding was performed 5 times each on 
subsequent days (first, days 36-38; second, days 49-51; third, days 
63-65; fourth, days 1 17-1 19; fifth, days 146-148). All groups (n = 8) 
received 200 jjtg BP encapsulated in microspheres functionalized 
with AAL or WGA or without lecli i i :tionalization per gavage. 
The control group (n = 8) received nonencapsulated birch pollen 
proteins. Blood was taken from the tail vein on days - 1 (preimmune 
serum), 22, 34, 48, 62, 113, 145, 175, and 215. Mice were killed on 
days 217 and 218. 

Measurement of specific antibodies in ELISA 

Birch pollen-specific IgG 1 and IgG2a antibodies were measured 
following a standard ELISA procedure.'" Brielly, birch pollen 



I bated w 



r IgGl 



IgG2a: 
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performed by using rat antimouse IgGl, IgG2a 
(PharlMingen, San Diego, Calif), respectively, followed by incuba- 
tion with peroxidase-conjugated mouse antirat IgG. As substrate, 
2,2'-azino-bis(3-ethylbenzthiazoline)-6-sulphonic acid was used, 
and the reaction was detected at 405 to 490 nm. For IgE detection, 
tctramcthylbenzidine (eBiosciences, San Diego, Calil) was used as 
substrate. The reaction was stopped with 1 molA- sulfuric acid, and 
optical density was measured at 450 to 570 nm. 

Proliferation assay 

through sterile nylon filters as described. After lyses of erythrocytes. 
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cells were washed and plated (100,0(X)/well) into 96-well round- 
bottomed tissue culture plates (Nalge Nunc, Naperville, 111). Cells were 
cultured with 2 p.g/well birch pollen proteins, grass pollen proteins. 0.5 
|xg/well concanavalin A (Sigma), or medium alone for 4 days at '^"C 
Culture supematants were removed and the cultures pulsed u nh 0 s 
(iCi/well 'H-thymidine (Amershani Biosciences. Uppsala Supili-ni 
for 16 hours. Cells were harvested, and 'H-thymidme incorporation 
was measured in a liquid scintillation counter. 

Cytokine assays 

Culture supematants of spleen cells stimulated in the proliferation 
assay were analyzed for IL-4, IL-10, and IFN-7 cytokine profile by 
using ready-to-use ELISA kits (eBiosciences) according to the 
manual instructions. 

Data analysis and statistics 

Data are presented as mean values ± SEMs. Statistical analy,sis 
was perfonned by using the Student t test to compare mean values 
(software SPSS version 11.5 for Windows SPSS GmbH Software, 
Miinchen, Germany). In each case, P values < .05 were considered 

statistically significant. 

RESULTS 

Lectin-functionalized microsplieres bind 
to Caco2 cells 

To exclude energy-dependent transport processes, 
binding studies of AAL or WGA-coated microspheres 
on Caco2 cells were perfonned al 4°C. As shown by 
immune lluoiescence microscopy (Fig 1, /I), relatively 
more lluorescein-cadavcrine-labeled microparticles 
bound to the enterocytes when they were functionalized 
with lectins. In contrast, bare microparticles seemed to 
adhere randomly to the cells. The same could be 
demonstrated in a more quantitative manner by using 
Caco2 monolayers. WGA-coated and AAL-coated micro- 
particles bound as much as 9 and 15 times better to the 
carcinoma cells than bare microparticles treated with 
glycine only (Fig 1, B). 

Feedings of microparticles to sensitized 
BALB/c mice induce lgG2a when targeted 
to M cells 

Antibody levels of individual mice of the differently 
treated groups were evaluated in f;LISA (Fig 2). Sen- 
sitization of mice with birch pollen extract and aluminium 
hydroxide as adjuvant resulted in de novo induction of IgE 
and IgGl antibodies in all mice, indicating successful 
induction of a T||2-type immune response (data not 
shown). After 5 feedings, birch pollen-specific IgG2a 
levels were significantly higher (F = .048) in the group fed 
with AAL microparticles compared with the other groups 
of mice. In contrast, no alteration in the IgGl , IgE, and IgA 
levels could be observed. 

Splenocytes of birch pollen-sensitized 
BALB/c mice proliferate specifically on 
antigen stimulation 

Splenocytes from immunized mice responded specifi- 
cally to stimulation with birch pollen extract. In the 




FIG 3. Mice (n = 8 per group) were sensitized to BP and afterward 

liferated in all groups specifically to BP, but not with the control 
allergens of grass pollen (GP). Feedings of these mice were 
performed with Bp-loaded AAL microparticles (dark gray col- 
particles (white columns), cpm, Counts per minute. 

proliferation assay, birch pollen-stimulated splenocytes 
of mice fed with AAL microparticles were highest 
compared with the other gi-oups. Stimulation was specific 
to birch pollen, because no response was obtained by in- 
cubation with grass pollen extract (Fig 3). 

Birch pollen-sensitized BALB/c mice produce 
IFN-7 when fed with AAL microparticles 

Supematants of birch pollen-stimulated splenocytes of 
the different mouse groups were investigated for IL-4, IL- 
10, and INF-"y cytokines. Both targeting strategies, using 
AAL for M cells and WGA for enterocytes, induced 
significantly elevated IL-10 and IL-4 levels. However, 
only AAL feedings induced significant elevated IFN-7 
levels (F = .0017 to WGA microspheres; P=.0007 to 
bare, BP-loaded microspheres), as shown in Fig 4. 

DISCUSSION 

In this sludy, we provide evidence that immunomodu- 
lation toward Tnl in an ongoing T||2 response is possible 
by targeting M cells. When microparticles were targeted to 
a-L-fucose residues by functionalization with AAL, they 
induced birch pollen-specific INF-7 as well as IgG2a 
production. In contrast, no immunomodulation was 
observed with uncoated particles or WGA-coated micro- 
particles targeting enterocytes. 

Lectin-binding studies have revealed that in many 
species and at many organized MALT sites, the M-cell 
surface glycocalyx differs in carbohydrate composition 
from that of enterocytes. As a consequence, we looked for 
specific suitable agents that bind to M cells. In human 
beings, so far, no concrete difference could be identi- 
fied. From studies using mouse models, it is known 
that Ulex europaeus 1, a lectin specific for a-L-fucose, 
binds almost exclusively to the apical membrane of the 
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IFN-Y 



VW3AMS MSBP 

IL-10 



AALMS WGAMS MSBP 



I 



AALMS WGAMS MSBP 

FIG 4. Supernatants of splenocytes of BP-sensitized mice (n = 8 per group), which were treated orally with 
BP-loaded microparticles, were analyzed for cytokine contents. WGA-coated and AAL-coated microparticles 
produced significantly more IL-10 and IL-4 than feedings with bare, BP-loaded microparticles (MSBP). For 
IFN-7, only AAL microspheres (AALMS) produced significant elevation of this cytokine. WGAMS, WGA 
microspheres. *P< .05. 



Peyer patch M cell.-' ""' -'' " Because U europaeus 1 origin 
is a highly toxic plant, we aimed here to find an edible, 
nontoxic alternative showing similar binding properties. 
Wc chose AAl.. a lectin capable of detecting cv-lini<ed 
I'ucosyi units legaidless of the structure of the aglyconc. It 
has been succcssl'ully used to examine fucoglycoprolcins 
unreactive with the lectins from Lotus tetragonolohus and 
U europaeus.'^ Our working hypothesis was that AAL 
should be a promising candidate for targeting a-linked 
fucosyl residues expressed by M cells, at least of mice. 

Recent crystallographic studies of .AAL " have re- 
vealed its close structural similarity to the neuraminidase 
of 5 typhimurium LT2. ' Crennell et al''' also showed that 
the LT2 sialidase of 5 typhinuinwn has the same fold as 
the influenza virus neuraminidase, a well known virulence 



factor. '" Both S typhimwiiim and iiilluenza virus" bind 
to M cells. It is therefore tempting to speculate that AAL 
also may bind to human M cells. With a pl>9 like the LT2 
neuraminidase.'' .A.AL has a positive charge'' — a beneficial 
property, because surfaces with positive charges seems to 
be preferentially taken up by M cells. Because S 
typhimurium selectively adheres to and invades murine 
and human M cells, ' these features are already exploited in 
the design of attenuated vaccines to transport the antigen 
directly to the MALT for effective antigen uptake and 
strong ThI responses, even if one must admit that dian'hea 
is a common side effect. ''* 

In previous studies, we generated PLGA nanospheres 
and could demonstrate that they effectively modulate an 
ongoing allergic response in BALB/c mice when applied 
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subcutaneously.'' Besides the reduction of the T„2 
antibody IgGl and increases in the allergen-specific T„l 
antibody lgG2a, the induction of INF-7 and IL-10 could 

be demonstrated, which bolh could contribute to the 
effectiveness of an immunotherapy against allergy.''-''"''* 

In the current study, mice allergic to birch pollen were 
fed with the different types of birch pollen protein-loaded 
microparticles, and their imniunoinodulating elTccl was 
investigated on the cellular and humoral level. Only w hen 
mice were fed with AAL-coated particles, they show ed 
a significant increase of IgG2a synthesis. Because AAL 
and PLGA were LPS-free (data not shown), triggering of 
innate immune response was excluded. We suggest, 
therefore, that the M-cell targeting most likely led to 
IFN-7 production by allergen-specific T cells, which were 
responsible for this isotype switch. The IP'N-'y and IgG2a 
formation was the most typical phenomenon by using the 
M-cell targeting strategy, whereas both M-cell and enter- 
ocyle targelmg supported IL-4 as well as IL-10 production 
to a lower, although significant, extent. 

Taken together, oral immunotherapy with AAL micro- 
particles produced similarly strong allergen-specific im- 
mune response as treatment by the subcutaneous route.'" 
The advantages offered by the presented delivery system 
are (1) protection of the vaccine during gastrointestinal 
transit by microencapsulation and (2) an effective delivery 
of antigen directed to the mucosal immune induction site 
(murine M cells) by surface-immobilized AAL, and 
therefore, a directed accumulation of the desired allergens 
to the intestinal immune system. 

In a recent hyposensitization study ol allergic paiicnts, 
untargeted timothy grass pollen-loaded niicropariiclcs 
proved to reduce medication and symptom scores ellcc- 
tively when delivered orally. Both T„2 (implied by 
reduction m IL-5 mRNA) and antigen-induced prolifera- 
tion of PBMCs were reduced in the treated patients 
compared with controls, whereas in our study, bolh T|,2 
and T„l responses were increased in mice treated with 
allergen-loaded AAL microparticles. Comparison of these 
2 studies is difficult because tolerance and immunity are 
not synonymous in both species.'*" Also, the size of the 
particles (-500 |xm vs <10 ixm in our study) and 
composition of the microparticles (methylacrylic acid 
copolymer vs PLGA) as well as time frame of application 
(10 weeks daily with increasing doses versus 5 times on 3 
consecutive days) were different. In the hyposensitizadon 
study, the microparticles were too big for uptake, and the 
microcapsules dissolved immediately at a pH >6,*" 
suggesting that released grass pollen allergens were taken 
up in soluble fomi by enterocytes and not by M cells. In 
contrast, in our study, most allergen-loaded microparticles 
were approximately 3 (xm and therefore were suitable for 
cellular uptake. With additional functionalizafion of these 
microparticles, we were able to target murine Peyer 
patches, resulting in an active immunization on the 
humoral and cellular level. Moreover, m our experimental 
system, the allergens were released continuously."* 

In the literature, low doses of oral antigen are described 
to lead to the aciivafion of regulatory T cells,*" which 



suppress immune responses by cognate interactions and 
IL-10 and TGF-P synthesis. Mowat et al'*'' have shown 
that soluble antigens lead to systemic tolerance, whereas 
particulate antigens generally prime immune responses. In 
tolerance, it seems essential to pass intestinal epithelial 
cells and to escape capture by lamina-propria phago- 
cytes,"' Finally, ablation of Peyer patches does not affect 

Wc demonstrate that antigen delivery to M cells can 
be mediated by AAL from the edible orange cup 
mushroom, which is able to target M cells />? vivo and to 
support IFN-7 and IgG2a induction, at least in an animal 
model. Therefore, we conclude that AAL-funclionalized 
microspheres may be used for successful oral administra- 
tion of allergens. The similarity of AAL and Salmonella 
neuraminidase structures suggests that AAL could be 
a means for mucosal targeting in human patients, also. 

We thank Ing. Magdolna Vermes for exceHent teclinical assisuiim- 
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Lectin-binding sites in the epithelium of normal 
human appendix vermlformis and in acute appendicitis 
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Department of Pathology, University of Gdttingen. 36ttingen, and 

^Institute for Physiological Chemistry^ Faculty of Veterinary Medtcine, Ludwig-MaximBians-Universlty, Munich,: Sermany 



Summary. Bv xi-inv In .tuuliciiukal m^thovK, ihc binding 
patUTti t'f • uiiiiti, lt\ ;n s It ihe ejuthelium of normal 
huniLii. apj-cn i>. \.-mv.k."iu *a.s .csstid. In additjoij 
to plant and riu-ifciir.ite '.a h-, ep.ors; w-ith nominal 
nvmot^MClumk- ^|x-c,tK!t\ r.., 1 1 (I t \-Ti. u-D- 
Maii .ai.l (■,.', Ai J)U.,I\\. iPHX, ij 

GalKAc iSH\. Hi',\i :i-D-(.al -RC \ Ii ..lul l> (u.\ 
( VAAt. 4 inuiiiin.duiis G yalacU^Mdc sixcsh^ kvlm (MW, 
14 kDai w dh II c'u.lod ui the applied panel. The apical 
- ■' ■ ' 'L ,K's p!c-,c,rvd hmding sites for RCA-J 

"11 -1 1 rCA-I. DBA, SBA, HPA 

and VAA ii"ic.-i(,p.-,Kuu h jlI nu binding sites of Con A 
and 14 H)a :,hid!)U' Mk-^ >.l DBA. HPA, VAA and 

RCA-I w thui ci,a..-_> J' Hi'R In.ak-d [mii.anlv focally 
in a i.u|'iam>tlea! po-riuii wln.•aa^ lAai A and 14 kDa 
hound t.. ihc (.■xtuplds'i) Hoih til upkal and basal cell 
parts. 

Ill the tnliick-dss. ...luted rpiihchiiin more enlerocytes 
exprc.Nsed SBA ai d \.\A-hinding sites than in the crypt 
epithelium. .\. J Ik .-I...-, tv .-t i. ;! e lectin-binding 
pattern of M . -i,- ..n i i ^t.. , v.^rc found in the 
follicle-assotiatcd opilhelutm iiitiat-piihelial macro- 
jihjL'cs \%ctc !jcte;>>ii.'ii(\.iid) pixsitivc for the full panel 
oi applied lectitu la couiuHt, intraepithelial Ivmphatic 
^lIIs cKfics cd biiiduig sites only for RC'A-l and less 
promtncncfy for Con .A, VAA and 14 kDa Cio(.Ie' Leil 
mucus contained iectin-bindmg sites ni tt lieten.;jt.iiei'ii^ 
manner: binding sites for Con A were ni'i i^^teckv; n 
goblet cells for DBA. SBA. \ AA :ind 14 kl)a in les. 
than 20%, for UHA-l n . r.>i \U'\ in 40-60% and 

for RCA-l in hi) ltd)', .,i ii ■• -..(Vei eclLs. Secreted 
mucus differed in us . i..- la. i oajiacitv iVom intra- 
cellular goblet ...Ji i .> - , seL.t.v. b, hv ati increase of 
UEA-l. SBA- and RCA I bnianit: su'es aiui a lack of 14 
kOa-bindmg r. nip.aai \c studs i.l kvtin binding 
10 goblet ceil i i.i aiiothei regu)n of the laige 

intestine, namely the rectoiigiiioid, demonstrated that 
DBA. SBA and 14 kDa bound mainly to the distal colon, 
while UEA-I and VAA labelling was selectively found in 

OffpmFrequests toTBr! Utridi Brindt, M.D., Oepartmsnf of PamoloaT 
University of Gdttrngen. Robert-Kooh-Str. 40, D-37075 Gflttingen, 

Germany 



apendiccal goblet cell mucin. 

Comparing the lectin-biiiding patici, i i m i,iK.I 
appendix epiihdiun and in ^ippendicit:^. iti- pri- ^ I'u.x 
of goblet cells exprcbsing DBA- and SB dm;: -n -s 
m mucu*. tlobufes was Uk'.u i i.- J\ ui • :, ml- hi.l'.i 

appendiceal goblel mucin 's ipccUicalU ahcfed m 
appendicitih, indicating that there arc selcctise changes 
of !,'l}'i'c> vJaiion of fnuon in goblet cells mainly of the 
lower and middle crypt segment. Changes of lectin- 
binding pattern in appcndiciti.s are discussed m 
connection with histochemical findings in inflammatory 
bowel disease. 

Key words: Appendix, Appendicitis, Lectin 



Introduction 

Tht .1 i"i ,pi'Ciuii.\ vcrmifiii mis ii.iibuurs ,s 
inurpho;<)gii.all) and luiictmnally higlih otgani/ed pail 
of the gut-associalcd lymphoid system iBockman, ]9B.i; 
Spencer et at., 1985?. The epithelium o! the appendix 
vermiformis represents the receptor part of this 
appendiceal i'>niphatic oruan iO\\en and-lcncs I''"!' .'ft 

kNeutia el aL.'i^'.s;) Add'th^nah, 'he ep>i!.elial hi.itm 
of the appendix \ernii!.>i,j,i~ eskihlid a pp.le^li.e 
ct»uling against path.^-'enK ruisc^ tfi'ir ihe inlcifin.u 
lumen'tSiss. . v / h'^:- ii'Jiei d I'Shdi. In 
partjcular. hhk i . ■ -r.. kJ ' tt' .Hfilet 

cell populdlm . . I f ^ t.i 

specifics dclcn.e hi add.li .-i m Mn-.(de\ ana\ cr 
immunological mechani,sm.s il-ilip.., l"»"y. {'udids,.- . 
I989j, thus warranting the thoKuijih a!i.i.>-'> ; 
giycocomposition and of any ds.sease assutiaied 
alterations Plant Lctiiis .uiJ. ic.ci.ilv. isolated 
mammalian lectins ha\e ali \<il ,->?..\e.' rLcr '.aiue for 
histochernical detection ut gh^-cuniiimau - m p dhology 
(Uabius et al., 1991, 1993. C.bius and Gabius, 1993, 
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n.iT .'iN .'1 ,il rJ^i fi'.'isoquenily, such a carhohytlrate 

c-|>itn|.r.s,.^i,iii ,>ri'l>.- ot mammalian oriem will be 

.l-l.'vcu' i-i <l,.v nr. 

ii I- i.Li ,!iv actepitil tluH Nttucttital .illcraiKMi^ iii 
llie iCtictea iiiucu<. .la* diaxlK relaicd t»» Lcilnjii ga«,tio 
uue^tPial diseases sF-iispe and Branfom. Wty, Biipc 
r,!.ne .„„! f uit-cr. I97ii: Misaimlijh a al , 

viu.hj_'i„ sUklu'il liic i-{.ir!iJij| lining dI noiinal human 
appendix vciiuttuituLN ^vuh histochcmical techniques 
using a panel of plani and mammalian lectins as tools. 
Comparative histochemicai examination of appendieiii.s 
wa,s performed to demonstrate inflammatjon-related 
changes of the glycoconjugate expression in the human 
ap])cndix vermiformis. 

Materials and methods 

Tissue 



^1 ri uhIk (x,,iners hu- ,-hii i >,i .i -..^ , of 

>'!•._'■ I'l. < .)|K...(eU I, t „ 1 .ic.l 

ap|Kn'iv!tl^ \'i»n!al nmtiu.i s„ii]plfs ul i!k sigOfuid 
tulvsu i,:=fu .iitii r^LiU's. (n = 6) ucje obtained endo- 
scopudilv lio n pdueiic iiivcstisaied for large bowel 
discuses in whom i\n mau.KLdpica! or histological 

• I 1 1 M .1.1, mined in 

evaluation alter conventional haeiuatoxvliii and eosin 
sl'diiinij;. Appendix spev.imen.s somprised 12 cjses of 
normal appcndu (control) and eases of acute 
appendicitis. 

Lectins 

Biodnvlateil deinatsves of eoncanas aim A (Con A). 
Ulex europaeus agglutinm-I (UEA-l), Dolichos bifloms 
agglutinin (DUA). soybean agglutinin (SBA), H&lix 
pomatia agghiti nin (HPAj and Ricinus communis 
agpluliKin-i (RC'.\-I) were uhiained liuni Siunia Co 
tUeiscnfiolen FRf > Tlii, I. 1 i . n[ ^ ,!'. lectm 
V, th a moltculai sseijil of 1 I Hj i lum [H>.iiit hLait 
(14 kDa> and the s:a)aetoMUe-^l)eeliK leelm from 
niisileiue ( Viscum album, VAA), purified as described 
(Gabiu.s. IQ90). were biotinylated with biotinyl-N- 
hydro\\s»ccinimide ertcr in the presence of lactose (n 
protect Ihc acti\e sue (Uardosi et al . 1990: Gahins el al . 



Histochemicai processing 

'• . i : V, prllLe^-,ed by rehydration, 
treainiciii with P 115 da,;., n peroxide to block 
endujieiioiK pLifni.la.c ..-n.iu i„uihation with fJ.l'-f 
ptnodate-treaitd V,S \ ..-„,,.„ vuuiaie un-pecifa 
piulem-binding ^ . , i .i.,,n .miH 10 pe/ii.l 
bionnjiaied kvtllI^ (t o,. \. \aa. kC \-l. 14 kDa)or40 



pg/mllectm d'EA-l, DBA ,sr\, UFA,. ifs|var,el in 
phosphate-buffered -aliuc, |.H ^ 4. ..miaiiuu'' fi I'. BS \ 
for 4 h Hi nnnn t^mpu. nue and i.cti lu! 1 li " nii \Bi 
leagents. attei tlu<na"i iiiis.', TIm- h.nnai i.f ihe 
coloured puiduvt '.1 e ih.- inn,'.,' Inikliuj -iic-^, 

was camid » lU h\ im thatum \,k luU lUi-^ %,du tne 
tollowiiig sukituii, !^ 'lie ^ diiiii.)-" eih', |. , iha/oii 
dissohed in 75 ml dunetln Ik.un.ai i.ic . uA aildrd to 
71.25 ml 0 IM .sodium a.et.ik i.ulK-i ipH •> :) to which 
0.75 ml .Wf hydrogru u L ^.<\n\.on piptUcd. 
Counlen.lainm5i wdM mu !>iu s'irUi 1 m .< .\\lus 

To asceuaiii the -p.-, 1 i. ii 1 ' > , . ii- .h>, !i ,u. 
interaction, binding ui ihc iiu!r\ i.lii:ii ic ims v,^•|'^ 
inhibited by co-incub-mi u wiJi a niixiute ol U JM 'i.^- n 
(inhibiiKin (if ("oa \ Us /-D-mannose: L'EA-1 ■ r. I - 
fui.nsc. 1)H\ '^B\'ana HPA by N-.>. ; f> 
gal.iL'iisaintiie. \'\.\. kC \-{ and 14 kDa b> I! 1 1 ■ 

The extent of staining rcacluvis sa. i '-aluaieJ 
separately in eutcrocytcs of tfie M.ii.i^, 1 il ; 1, vt 
eiileroyctesot ci>pts, ingobki t< 11 a >i ^ 11 

intraluminal muius of'the tivpis 11. nitiatpithchal 
macrophages f uleniifictl h\ ihv iMeM-PtC ni niti.v>ti' 
plasmic inclusiKfis) ana iii inca pidn li il !•, KipijiK % s 
Hith respect lo quanti!v 01 sS. iii.-d 1 11. u si iium 1 1 
staining, 'Ihc tjoantity ol --t.iiiieil cell- (>-!»■,, 1 ^.j.-i; 
20%, +=20-40%. ++=4(M.'r, h , f,n .ad uu 

staining intensity w^eie CO H.js. . n 1 ._a 

in detail in Table I. Staining reaciioa-. m iaiiai.eliular 
regions (apical cell suiface, .subapical region, 
.supranuclear region, para-retronitclear region) of 
enterocytes were evaluated separately. 

Results 

Normal appendix vermifoim.s 1 ^ce Tattle 1 1 

111 t. , I eiiu.al ir„etH)n.s uilh r.m \. I bA I. in, \. 
SB \, n\'.\. V\.\. Ri'A 1 and 14 \Su m iS.i c.-itnel uiii 
of the human appendi.x \ ernufoinn-. uMilttd m a 
characteristic staining pattern ot ep d ■ .1 .i n! icn, 
epithelium-derived celh (iymphoc^le^ ui,^:" a. ^. 
with respect to intensity of cellular staunng, miantitv of 
stained celLs, and intracellular disuibutiou of lectin- 
reactive sites as well as with respect to different cell 
types and intracellular and secreted mucus,' respectively 

Con A (Fig. lA) 

Histochemicai reactions with C\ n ,V mi enteKH Mr. , i 
crypr- .nd the uiitace epithelium re-uUci. lu a'lather 

stri.:>..l Ju Intractflluiai and vttitud iihkus 
produced In goblet cells were fiee oi C'ui; A i^.i-g 
sites. Staining of non-epithelial cells (lymphocytes and 
macrophages) was hcterogeneou.s and weaker than in 
enterocytes. 

Uf.A-KFig. IB) 

ULiA-l bound intensely to the apicai surface of most 
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Table 1. P,m,!> > i>f ip -Un& to epithefium of normal appendix vermiiormis, 

:tmm CON-A UBM MA SBA HPA VM RCA-I 14kDa 



sobaplcal cytoplasm 
supranucisar cytoplasm 
para-retronucfaar cyfopfasm 



Tile puicenuige o! posiiva staictLres (.i r l,< 
+++, 60-100%, The intensity ot staining reac 
strong sramng; ana 4, mry strong stainmq. 



enicrocyies In the i.>ioplasm oJ etitcrocytes a focai 
(paiehiikc) binding or UHA-I was observed in the 
subapicdl cell rcgum and the Golgi logion. The para- 
retronuclea- ream rt ciitetoLMes was cillicr (tcc o! 
bin.in; ,1.. ., I it!i. nala .tuin d I in (u.lzi 

mostK more strongly poMiive thai) ihc GolfU ruguni oi 
cnterocytes in cr>pti,. Intracellular mucus was only 
moderately stained in a minority of goblet cells. Lectin- 
biticiina to miiciis srcicted by the goblet cells into the 
^'^r' n 1 I'jnse than to intracL-lluUir 

i li icytes were general!} free 

. M.itrophages binding tiFA-I 

Jiik'f.uJ liv .*')>!) li ,h the opjlheJiuin reslnc fed to die 

-■'! k!^ vjv.ldlCu CplllR-llUlJl 

DBA (Figs 1C2R,) 

Binding ot l)H\ la the apical mi; face ul ei!teroc>!es 
was helcrogeik'ouN Iji tlie c\inpj,,,m of eiuerocvlcs an 
intense, partK vcsioiL-.i, p...iU;, gianuhir binding o'l DBA 
locally m about hnlt oJ tin- cells \v;j,s observed, whereas 
para-retronuclcar .stitiniuL' vvas rather weak, granular and 
focal: overall ics!r'clv.ni to nbout !6<7f of the cells. Para- 
retronucA'ar s'ainiitu ol c-tu-rocytes in crspts was even 
weaker than in the siirtacc t-pithelium. Approximately 
14% of the L'ohle: cells coiuamcd secreioiy vacuoles 
wuh dcicciablc buKliug MtcL. lui DBA. These goblet 
vclK were rcstiii.ieii w the -.uiLkc epithelium and the 
unpet thiid ol the cypts. i ik.''\isc. mucus with dctec- 
lahk DBA-tniKii ig >itcs in ihc eiypt lumina \sa.-> only 
obher\«l 111 the iippei thinl ut i\k cr\pis Intraepithelial 
Ismphucyie.s s\cie n>-i labelied 'jv f-'DA. Within 
mtruepitl.eliai uu't >op;i,t.-c- i"!B A-hiiulri;; sues were 
found tocallv as^ticu.led luih phagocytctoed material, 

SBA (Figs. ID, 2Aj 

Binding of SBA to tlie apical surface of enterocytes 



was non-unifonn, i.e restricted to a' r.e 
enterocytes. Enterocytes e.xpre,ssing SB -X ■ i, 1 i . - s a 
their apical surface nstuilh aKo h;;J le .'i-.e I i.k kiJ 



cjics had lespecU'vc binding sues, located selectively 
and focally within the subapical cytoplasm and die Uolgi 
region, where vesicular dye precipitates were observed. 
Para-ietronuclear SB A-bindinj; sites were neither 

obsC'su! in 'he ■-iiit.i e epiilieliiim not m ttu' cr\pt 
eprq , , 1 lis Willi Sh \ III Hie try pis 

compared lo icspci-tivv -lauiiii^ .eaclii/iis in ll.c .uilacc 
opitik'liiini About IS^'v of the goblet cells contained 
secretory \acuuies with detectable binding sites for 
SBA. In the crypt kiinina about a quarter of the mucus 
contained rospe.:ii\ i' binding sites. Intraepithelial 
lyniphocvi.s ..eeiv -H I dicUed with SBA. Within 
intiaepitlielia! .iu.l iopli.ii.v,s SBA-binding sites were 
associated \mi1i phagocs to.sed material. 

HPA (Fig. IE) 

Bniding ol HPA ro the 'ipica! suita.e of s^nterotytes 
and ill their cytoplasm was heterofciu-f lu, observed in 
more than and 70''' ol the cells, rc,pecuvcty. The 
intracellular binding sues were locntid mostly 
selcctn'c'lv and tocally wuhm the sub.ipical cytoplasm 
and the Cioit'i tegion. where tine vesicular dye 
precipitates were observed. In some appendix cases 

retronucleai cytoplasm. This ccllulai stamitig pattern did 
not occur in die follicle-associated epitlieliuni. Tlius, the 
border between follicle-associated epithelium and crypt- 
associated epithelium was clearly marked histo- 
chemically (Fig. IE). About half of the goblet cells 
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ioniaiue.l s.-u\ t>-n vacuole-, v.ith dekHKihle HFA 
l^i.Kii"!' -lie- .k-;vi,>< lit -LiiMiii; sva-, iiIm) iiulk-fd 

111 I'hiiii; h.ili 1,1 Hi'- -ci cu\l iiHi,. U-. ill ilic i.r>pt liimina 
( .tioih' '.t-.i^niui liif;:n'pil!K>!ial Ivnipliui. vlCh v,crc live 
ni ir ^ I. Hiding suc^, %. heicds niai.rupliagcs or the 
K-a^-^uciared epifhelium demon.sfratcd iiUHfeiate 
.i.iiniib leactidsiN uiih HPA focallv iii granules ol' the 



VAAfPip. I Ft 

Binding of VAA t-. ihc apiL..I Miri.Hf ol j.uch-. s k-. 
was heleiugeneous. In liic CMuplasin o! ciUciutvlCN a 
weak lo moderate vesicular biikiiiig tif' VAA locally in 
afhvat SOU of ihc etifenK-ycch of the -.uitacc epishdturri 
was ubscrxed. Staining intensity in the siibapical 
cvioplasni wa--. weaker lhan m th; Cnl-i repum. Para- 
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K'Uuiuklc.a VAA-bmdiisg sites m enlerocytcs were not 
detectable under the given conditions. The same staimns?, 
pattern was asses.seti in enterocvtes of cyrpts. Houevci". 
binding sites could nnh be dejected in about lO^r cif the 

entero€>le> \\.bn->u <, , ..tcuoles could 

iniensiiv ^va ui i , . i-, secreted b\ 

goblet cells wUj I,. uh,..i,a viihiamed onlv focaliv- 
detectanic \.\A-b.nding mIcs. The lymphoid cell 
population oi' the epithelium was heteruueneDU-, 
Cijncerruni! ti e .'^piession of VAA-binding sites. 
M.tcr()ph;i,'i.'- :ii c-, - !>dlicle-associated epithelium 
clcjriy c(uii. li .a v \ \ -binding sites. 

RCA-I (Fig. 11, 

RCA-I bound ■.t.n„^'I> ic the apical surl'iKc ot 
enterocyies. In ilu- .uoplaMii of t-iiierocytus a iocaJ 
granular binding of RC.A-I was observed for the 
■-It..,. I. I .i-i.l ilic Golgi region, whereas RCA 1 binding 
>t. ).. ilu 1 .1. . retruiiucle.u- cell reguMi were %cr\ rarely 
-ecu Stanimg ni eiilerotvtes „, shV surface epitheliuiii 
was .stronger than m the cr> pi cpstlielium. About 90% of 
the goblet celK coiiiuined dcfeciahle RC,A-f-binding .sites 
within the secretor) vacuole^. Cimiparison of Rf'.A-l 
binding i<i iPti.sv.-Mul; i fj>i^k-i » Ji mucus jnd secreted 
mucus m die uvpt j nnina ic\<'..lcd ,j more intense 
histochemic.d re.iLUun ui ihc us pi lununa. Most ot the 
lymphocyle.s {7UVf i and macrophages conianied KCA-J- 
binding sites. 

14kDa (Fig, 10) 

In contra.st ot the other lectins, obtained from plants 
or invertebrates, the binding pattern of thi,s mamalian ii- 
galactoside-binding protein serves as an indication ior 
the presence oi s;l>coligaiids with atfinity to cndojicnons 
-S-iype lectin.s. Hi.stocheniical reactions with 14 kDa ui 
enteroc>tes nf cr>pK and die surla-re epithelium resulted 
in a m.idc i ■ ■, •;. ' hfin-..-. in some cells focally 

'"tcriNilH ■ , • .'\iiuding the striated 

border \ ■ , ., 'i^ c concerning staining 
inten-,mes. m.h-i i _ pjtiein aiid qiuintity of stained cells 
was observed between the surface epithelium and the 
crvpi epithelium. 14 kDa was the only lectin within the 
applied panel that al.so labelled nuclei tin 10-20^ of 
cells). 14 kDa labelled the b.ts:.! .-i.,'^ . , , 
epithelium heteiogeneoush On n 
cells contained detectable 1 1 kl), > 
their secreiory vacuole. No 14 kOa bindiinz uoidd bJ 
detected in mucus secreted into the ciyplariurncn 14 
kDa-bindiug '.^ as seen m a fcv-. imraepitheli.d 
lymphocytes and .sonic macrophages. 

Acute appendicitis 

Histocheraical a-actjons with Con A, UEA-I, HPA 
and the three galactoside-binding lectins VAA, RCA-I 
and 14 kDa in the epithelium of acutely inflamed 
appendix vermiformis resulted in a characteristic 



iMtt.-ii I : n. .1.,.! appendiK \ Ji nt"!nni's. ^ 

I L • .111 1111/ patlein of DB \ .ind SB \ U> app^-iidis 
epitiieliuiii, linvunei. •lir-fievl v, hen ^r-cti'i'is s I a-, uir 
appendicitis and ii niiial appjiidiv v.tie cmpaitii 1 1 nj. 
2A-D). Whearea.s 1>B,\- mk\ *<HA jiti liiv to tiitciucv tes 
and non-epithelii.iu-Jeri\cd i j!!s i h niphoi. Mcs, 
macrophages I was unvh.>iigcd in atiiu .atkiiiiniarion, 
alterations ot lectin binding to ^'i-Wri ,-jU inucus ncic 
found in acutely inflamed appeiidn 

Gtiblet cells exposing binding sitt-s ol UB.\ .uid sBA 
in their mucus droplets were more numeious in acute 
appendicitis (DBA; 54'?^. SBA: 59'/f of the goblet cells) 
th.'in in nonnnl appendix rDB.'\: \4^:'c. SB.A.:""l5% of the 
cell,). Sinul.nh, ihc i|u.inot\ oi DBA- and SBA-positive 
1 '^'^ ' ' "' "-"P^ "i"'"* higher m 

increase u: l)lt,\ ami HBA te.ninirv «>; /I'lblei ciiK in 
the lower .uiil iimIiiIc [M'Is ui (he s npi^ 

Comparison ot lectin binding in the normal human 
appendix vemvtormis to lectin binding in the distal large 
intestine 

Con A 

In ihe distiJ huge intestine Con A binding to entero- 
cytes in crypts, was weaker than that to surface entero- 
cytes, whereas in the appendix Con A binding to cr>pi 
enterocytes was as strong as that to .surface enterocytes. 

UEA-I 

In the distal larsj.- it k-tmc (ifA-l biiiuinji lo ^i>pt 
enterocytes was .ss -tn>n'j as that m siiriacc eiitjrocMcs. 
whereas in the appcmfiv I'l-A-l l'indtit|4 !u mkt.k-c 
enterocytes Wd-, i'n.r_> i>(teiHc than m ci\pt cntcroLstes 
In the distal large mtestmc UL.\ 1 binding sites wee 
found neither m ilic goblei cell niii^us lu i nrilic secreted 
iniraJuminai mucus.'whereas 20 40'' ot goblei cells in 
the appendix had UEA-1 binding siies. Extracellular 
intraluminal mucus in the crypts^of the appendix was 
stained even more strongly than in the goblei cells. 

DBA 

\\:ic!eas DBA binding !<> ci)!.. cnsciutvtts ;ri thr 
uisi.ii large intestine wj^ wc.itor ilian to suita^e 
enterocytes, in ilie uppLiidi^ binding of DBA in rhc 
supranuclear part of cntenKUes wa- as sUung ui die 
surface epithelium :is m ilii-\i)pts DBA bimlir.g Ui 
goblet cell mucus ir, the lecrnsiJiauid was !ibser\cd in 
901 of die cells. In the .i(ipeikli\ it vva-- limilcd r,. jp- 
pro.ximately 14% of the gtihlet celK. loca'eu selectively 
in the surface epitlieliu n ,ii d uppei iliiid ot die crvpls. In 
die icitosignoid also, goblet cells free of DBA-binding 
scsiet )r\ -li. r'es were detected in the crypt ground", 
su""esiiii.' ihai DBA-bindmg sites are an indicator of 
niu>.iis piodiution m «highly differentiated» cells. 
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SB A 

i' • iunding of SBA \\. - 

wtak 111 Mid. Li>ri enterocytes. In contract, in the 
,11'fieiiilix SBA binthn.' was> stronger in the surface 
c,iluH.^',k\s lU.m ifi ilk- irypts. Evident ditferences were 
noted liti'.vten ilic number of SBA-binding goblel cells 
m uiL- ap|iciuli\ .iiid in the rectosigmoid; namely 80% 
compared lo I57r of the cells were positive. 

HPA 

Binding of HI \ to ilic epirhelial linmg of the 
iei.iostgmoid difKMcd lu.ni the appendiceal binding 
pattcin bv a greater number ui HPA-bindiflg goblei cells 
(approMinalcIv m the rectOMgmoid versus SO'Tr tn 
the appendix). 

VAA 



VAA hi.niiii (, .'.K HK . k - U il . 01 .tal large bowel 
w.as weakei (hail 11) th .|ip<,uti. .trimfoimis In the 
rcci0.s!2ii » • 1 ' I ' \ \ ( I, I ic >i n u IS 1 

whcieas in ihw . ; < i h <,>, > -u ihi (jtilti leeswn was 
pioiiuiini.eJ L ' i.p.ir. ; ine ^uiupicdl iCgiott. VAA- 
bi'iding sites u It' J ni.1' .ei he dL-iected m the goblel cell 
mucus noi ill tht, stuieted iiiucus. In the appendix, the 
jjciLictosidc binding inisUecoe lectin bound both to 
intracellular and to secreted mucus. 

RCA-I 

In the distal laige intestii i > i t i.. . > iM\ .en the 
binding inten.sity of RC \ [ .< iiui.n.>.'!lulai Lnd m 
secreted mucus v-eie delected, whereas in ihe appendix 
binding to secreted mucus was stronger than to 
iniracellular mui.us. 

14 k Da 

In the rectosigmoid, 14 KDa binding to surface 

cn(eu>c\tes was more niummnced than to .rsut 
tnteroc}te'>, v,heic - i ir ^ .niijormis no 

difkiences weie m i ! 1 ' i ,,i . N M)a bmdinu 
goWel wlK ^^H^ nv ' 1,. ,» i mm. i, . u^Mmnoid than 
in the appendix , ■ . , . , n' ,,mjs 80%). In 
the lecfosi^moul I lU -mu'!.- .! s were detected 
111 the sccicteJ ihi. . , s,h.,l.a^ ihis iettin failed to 
uetecl aiiv .suii.tblv i;,iycoligands m the appendix 
vcnniiormis. 

Discussion 

'^'> a'udyml ihe kctm-binding patlcrii m 
I - tpu.ilium u( normal human appendix vermiformi.s 
I ompaiatj\t un estigaiion of acute appendicitis revealed 
ditierences of lectin binding in mucus droplets of goblei 
cells and in secreted (luminal) mucus in the intlatvi- 
matory state. 



buKiiJii. s;tc^ jit iLiUKiL-d lo tlu- ^^t>->lanlK le;j! uiul 
subapicaJ cell rcg tuns UhA-I , DBA . I'lPA and UCA- 
I-binding site.s are kK.,t.d buth m i!ie suprainkkat and 
subapical ctll regions and, i|u.tiililati\rl\ ditten^rif. in tht 
basal cell region, Buiding sik-^ <'l all iIk Ictlii lSB \. 
VAA. RCA-1. liP-Vl, DP. \ Hpi ! ,! tu. d la -ia .UK. 
thus suggesiing inain!> biiulmp n. . i<j ,i l"i ni i(« -oi'ly 
of the Golgi appaiatus and U;c s:nootn endopjasm.c 
reticulum m tlie subapical cell region (Lee, I'JUl}. Con 
A and 14 kDa bound to glycoligands in the cytoplasm of 
the supranuclear, subapical and ba.sal cell regions, The 
preference of Con A for cytoplasmic staining can be 
attributed to the presence of oligomannosc-like 
sinictuies in the rough endoplasmic reticulum (I.aurila ci 
al , 1978, Fiihrman and Heieiter-Hahn. I984t 

Binding ol letting with similar specificity to a 
nuniUsaLi. h.tndc ^an exhibit dissimilanlies faking 
galatiosidc binding lectins hk? \'\ \ aa ] t,^,,, a. 
example ll i piitiu > i on ol \nu m il kaiuu , ol kit 

1994; Both applied plant Ictlitis (KL \-I, VAA) 
pnmanly recognize the terminal galactose residue with 
graded influence of the subterminal carbohydrate moiety 
and the anomenc linkasjc. whereas the iriam.iit,liun leckn 
strungh binds to ih T, d P • irv\\, ,t( nhiridr- 

extent or "binding to cclluLu galat'ose-^ohUiaiiig^ghvo- 
conjugatcs, emphasising the need to employ the tissue 
lectin for any functional correlations. It is interesting to 
note, with respect to the subcellular staining pattern, that 
Horn this gioiip of gaiactose-binding lectin'- the 
nidiTi'nahan lectin exhibited nuclear staining In line with 
the biochemical data, RCA-I and VAA, exhibiting a 
comparatively low degree o! sclecti\ity to galactosidcs, 
stained macrophages and lymphocytes fairly well in 
contrast to the tissue lectin, .\s emphasjyed tor 
galacroside b.ndm!: leUins, ihe GaIN' \c specific lectins 
Srs \ ni? \ .nd HPA sifhiK'ls , \ .lied notable 
•'iltr^vi. ii (1 1 i-.t,, , ,u , .„ ,,1, i.,pes, 

luii V .i.iiioMo^ lid .uhkl ..Ik, icilccting 
ineasur<ible levels ul uissinulanlies in the tine stnictural 
ligand recognition. 

Lectins differ distinctly m their affinity to the apical 
surface ot enteu)c>tLS mJuding M-cells, as indicated by 
diffi" ' '..II h' ']■• 'les heterogeneity of binding to 
^- ' 1 >! surface binding The apical 

Sill I I .'11 lOc tL IS foimed by microvilli with 
mu..us (.Ju.el) atUthed to it (Porstneret al . 1973 Ptzler, 
1979) As lectin binding sites at the apical suikice ol 
intestinal epnhehal cclis may be used as adhcion sites 
b) bacteiia, prolo/oa, or viiuses (Cntler it al l'»S^), 
Icciin-bindmg sites in ibis luvation mi', pla\ mlc in 
intestinal infection (S'n on !>,■,/) <u uiii i i ,os, 
Msualized in this slud> ..n 'k i^.k mhI of M .dls 
and other enterocytes, coald tor example provide 
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amiable .suheMini Mtes ler Entamoeba histolytica with 
iaiou.i 'v.i\t iL- jvcifiuis of surtace lectins (Peln et al., 
I'^S . . k1 pu'icit iiti.il pafhoireniciiy m the human 
appeiKhx Nciniiluiiii , In ,b"s lespec! hcttrogeneitj ol 
- I '.- •! . Ifaving uhsuvetl a 

cnicLtUoii i-t pu'sciiiL let li.i binding sites of DBA.. 
Sf! \ a-id \ \ \ ai ihc ap.. al uut.tce of enieuxrytes with 
the pr- .Lii^ 1)1 le^ietti e bii Jmu .suts in the supra- 
mid. ai ceh r<^'UH., !i . a.i -i a- iine,! ilia! Il.c -.Ucto- 
L'jiic-iu oi r. Ifui.i Sites al Hie apital 

.aiildi,!. Ilia) he due to dilfcreiicei. oi .s)ni)ietic 
mclabolisni oi cnlerocvies rather than due to accidental 
local sanations of mucin binding in the tissue specimen. 

Remarkable quantuative differences exii,t for lectin 
binding bet\seen (he enterocMes of crypts and the 
surface tpitheluun Since erileiucytes of the surface 
epilhelium aie dcrned liom ihe ei>pt epithcljum iWoit 
and !.}f, i-)Mi irid l-udd up a functionally specialized 
■ - ^ .li- '■-!]. . .issoeiated' epithelium 
I Bi-eki u u I'i.-s ■>! it r a onaole to suggest that these 
dilkKue- iiKis he difleanii ,ri..'i-relaied. Apparenth. 
'lii-^c diltu.-nLC^ ntainlv iltewt 'Iil tnndine sites of SBA 
and V\\ whKh apjK .r nun- ti.i,iieiith ;ii euteuKsfes 
.■1 the 1. I'Kle ...v. lated ep,lhe!a...| ,n uiieiocjtes 
ot the cpuhelaim a:.d oi UFA which docb not bind 
to the basolateiai r'lembranes v{ the foilicle-associaied 
epithelium. 

Specialized cells of the toUicle-as.sociated epithelium, 
so-called M-celLs, scivc as antigen receptors of the uiii- 
associatcd lymphatii. system (Sy'euii.! et al 19X7) "No 
clear-cut ditfertnce.s eoncemuig iht. leain blading 
affinit) ot the apical > ell smtace ol M cells tin the 
Mciiaty ol l>iinhoLwe% aaJ iiiatiopha-i s) and non-M- 
i^ells u'lilLto \te- IK I .11 Lor.tac* v irii 1\ luphiHJYte.s aod 
ma.in.-|uui ^. .veu- Um,J in . u, ^tuJ< 1„ i! e.^e 'respects 
oi.} Iii-dhi'. a e -I'ti lar t.. piesious it^us -..iiicd m 
lHstuJieuin.al ^E.^da■^ o.i M L.dl- in Itu- J)^-.,, . , i 
n.!esi,ne o! iuke aiu tai, (( hsea .Mil lUuila, pi>;, .i,,^, 
laMut. sXeuna ct al . Ihhh \s M ^ells dicit a mucosal 
immune response bs iiansteii ins; macro-molecules and 
bacteria to intraepithelial macrophages and lymphocytes 
tOwen, 1977. VVoif a-id Bye. 1984), we have studied the 
presence .)t J>.. .ui',:a..ev „, uiuaepnlielial maciu 
pha^^cs anc i . . i,i •. .„, | . ,,,, 
respecti\c 'm , , • i i, . >„ i >v uiis iIku 
■^R ^ hit, , n il i d in lui.phages 

i'l itirc , nil I inatketlly, eliciting 

li'tt.^i.i-ii.aii.p e .h i 1 II. J i."pi..|,^ ' Kruyluger et al.. 

' * '■ ' .riih ^1 '11 ,i;ai.Mhat intra- 

cpitLihal ma. An ha--, i i- , d adjacent M- 

cells exp- >^ . , I , ,^.(.,1 ^^ifh 

certam s.ii.,1. i. ,i i i , . ..... u.e gathered 

prelimiiu.'s mtuui.atn.n on ^.,n,.llo„ of the lectin- 
bindii.g [>atteia ,»f -n..^ 'o^-nagt m the gut associated 
l>itiplai J iisMie I letiti -n to the location in different 
unat.>inKai siih-i!e> of the appendix V(.,rmiformis. one 
can assume that dilieienccs Icain-hindinp pattern 
might be tUateu to enviioi mt.uM imhiern , n t nJ n 
exposure to phagocUable mtitenul 

Remarkable quanutatuc ditfe.ence.s aie asses^ed 



between the lectin-binding capacr.-. ot n'l .ilar 
lioblet cell mucus and extracellular scv' k. i. ..i , \ .uc 
crvpt lunnna. The.se diftercnces rna\ ' e d l i i 

degradation by bacteria of the gut'(.Salo and SpK^i. 
1982). This study shows that goblet cell niudi^ lu 
ap[)endicits di-plays lectin-biiiiling .u " > i. 
quantitatively diftcrent from pohict cell mucus ui lu riiial 
human appendix v ei ni'forinis Sii'^ l.o diaiines ot 
glycos>laiion of g..hk t lcI m h n, (inuta.e ..| DliA ,«id 
SBA binding, but n^t oi HJ'\ L, idin.^ t.> ,joblel tell 
mucus) ha\e been asse.ssed m mi.amii.atnn bowel 
disease (Yoshioka et al.. 198*);, Thus, appendicitis 
can be regarded as an appropriate tiiodel system, 
demonstrating that chanees of mucus i>lvcosYlat{ofl can 

ill''. I!. . _v lun^.,-! .lisu.in Hi .sc\e,, (t.L t,ual!talnel\ 
identical change ot mucus gi>cosylation dn tetms ot 
lectin binding} as an inilammatory bowel disca.se is 
not necessarily related to malignant change, as has 
been controverselv discussed in inflai ini.iioiv l-uWel 
disease f,\hnen ei' .d , I'i.mi Ik, diesis ..I iniico'a! 
mtlamniatioi) ...i c^ple ot .,p;M du^al i.-iiom leant 
biiidiri: ,iie.N li.i> i.. ^u, }.,,. .k u .n . pi.-vinn,] been 
investigated In out stuJ_\ in noimal coniiol appendices 
the peiceniage ol gonlet cells coming DBA- or SBA- 
bindtnc mucus is less than one' third in all of 12 
investigated specimens (ranging fiom less than 1% to 
30'.f ) and ihe-.e goblet cells are ie,iricted to the siufacc 
epithelium a,.d to tk. ij^iier third ol the crypts. This 
appendiceal lui'drng ;-,aliein of DBA is identical to the 
pattern m other subsiies ot tlic pro.K.imal laigc intestine, 
as reported in previous studies (Bresalier et ak, 1985) 
and ascertained in the coecum (unpublished 
observation), but clearlv differs from the distal kirfje 

aiij )i Ol the I u.tr.ed altetaiiuiis are at present not 
obvious. sus.h diange.s deailv .eflci,! regulation ot 
glycosylauou, warrating further studies. 
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